The present study reports densities (ρ), viscosities (η) and ultrasonic speeds (U) of pure dioxane (DOX), anisole (ANS), toluene (TOL) and ethylbenzene (ETB) and their binary liquid mixtures over the entire composition range at 293, 298, 303, 308 and 313 K. From the experimental data excess molar volume (V m E ), excess intermolecular free length (L f E ), excess adiabatic compressibility (β E ) and excess acoustic impedance (Z E ) have been computed. The excess values were correlated using Redlitch-Kister polynomial equation to obtain their coefficients and standard deviations (σ). With increase in temperature, the binary mixture of DOX+ANS shows larger deviations in β E , L f E and smaller deviations in Z E , V m E . These results suggest that ANS has strong molecular interactions with DOX than ETB and TOL.
INTRODUCTION
Ultrasound waves are high frequency mechanical waves which affect the physical properties of the medium and hence can furnish information about molecular interactions of the liquid and liquid mixtures. Studies of thermodynamic properties of binary mixtures are of considerable interest in the fundamental understanding of the nature of interactions between the unlike molecules. In recent years, the theoretical and experimental investigations of excess and deviation functions are taken as interaction parameters to improve the results 1-3 .
DOX is an inert solvent having dielectric constant 2.2 at 298K. ANS is a polar but TOL and ETB are non-polar molecules and are important components in industries. In view of their industrial importance, the present study reports the experimental values of densities (ρ), viscosities (η) and ultrasonic speeds (u) of binary mixtures of ANS, TOL, ETB with DOX over the entire composition range at 293, 298, 303, 308 and 313 K.
The experimental data have been used to evaluate the excess molar volume (V m E ), excess intermolecular free length (L f E ), excess adiabatic compressibility (β E ) and excess acoustic impedance (Z E ) at each temperature. The excess values were correlated using the Redlich-Kister polynomial equation to obtain their coefficients and standard deviations.
EXPERIMENTAL
The liquids for present investigation DOX, ANS, TOL and ETB (S.D. Fine Chem. Ltd. India, A.R grade 99.5%) were used without further purification. The liquid mixtures of different compositions were prepared by mixing calculated volumes of each component. In all systems, the various concentrations of the binary liquid mixtures were prepared in terms of mole fraction.
The mole fractions of the first and second component (X 1 andX 2 ) were varied from 0 to 1. The density, viscosity and velocity were measured as a function of composition of binary liquid mixture at different temperatures 293-313 K. The density of sample was measured using digital densitometer (Rudolph) with an accuracy of 0.0001 gm cm -3 . An Ostwald's viscometer was used for the viscosity measurements. Ultrasonic velocity measurement was made by variable path single crystal Interferometer (Mittal Enterprises, Model F-81) at 2 MHz with accuracy of ±0.03%.
An electronically digitally operated (Plasto Craft Industries) low temperature bath model, LTB-10 was used to circulate water. The accuracy in the temperature measurement is ±0.1 K. Reliability of the experimental data and the purity of the solvents were ascertained by calculating their densities, ultrasonic speeds and viscosities at different temperatures with the values reported in literature 4 .
THEORY
The excess parameters which play a major role in understanding the nature of molecular interaction in liquid mixtures have been studied by several workers 5,6 . The excess thermodynamic parameters are defined as the difference between the experimental and ideal mixture values. It gives a measure of the non-ideality of the system as a consequence of associative or of other interactions. The values of excess molar volumes (V m E ), excess intermolecular free length (L f E ), excess acoustic impendence, (Z E ) and excess adiabatic compressibility (β E ) were calculated with the help of the following standard relations:
where, Y exp. = experimental values of mixtures Y 1 & Y 2 = values of parameters for liquids 1 and 2 respectively. X 1 & X 2 = mole fractions of liquid 1(OX or MX or PX) and liquid 2 (STY).
The values of excess adiabatic compressibility (β E ), free length (L f E ), acoustic impedance (Z E ) and molar volume (V m E ) for each mixture have been least-squares fitted to Redlich-Kister type polynomial equation given in literature 7 by taking the limits n = 0 to i.
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The coefficient Ai is the polynomial coefficient tabulated by using the least square method computed by the MAPLE software has been used. The values of the standard deviation 8 (σ) were obtained from the expression
where k is the number of experimental points excluding the end points and n is order of polynomial equation.
RESULTS AND DISCUSSION
The excess values of intermolecular free length (L f E ), adiabatic compressibility (β E ), acoustic impedance (Z E ) and molar volume (V m E ) plotted against mole fraction of binary mixtures of DOX at 293-313K are shown in Fig. 1-12 .
For ideal solutions the excess values are expected to be zero. The deviations indicate the nonideality of the solutions and are attributed mainly to different types of interactions. It can be seen that excess values may be affected by several factors.
i) The first factor is the specific forces between molecules such as hydrogen bonds, charge transfer complexes, breaking of hydrogen bonds and complexes bringing negative excess values. ii) The second factor is the physical intermolecular forces including electrostatic forces between charged particles and a permanent dipole, induction forces between a permanent dipole and an induced dipole, forces of attraction and repulsion between non-polar molecules. Physical intermolecular forces are weak and the sign of excess value may be positive or negative. iii) Third factor is the structural characteristics of the component arising from geometrical fitting of one component into other structure due to the differences in shape and size of the components 9-13 .
Positive deviations of Lf E , Vm E , Z E , and β E in binary systems have been attributed to dispersion forces and negative deviation is due to dipole-dipole and induced dipole interactions. Dispersion forces are operative in all systems, but since more than one type of interactions are present between the components, the excess values are the net result of all type of contributions 14 . This fact indicates that the strength of complexation of DOX is greater in ANS than TOL and ETB. It has been observed that intermolecular interaction decreases with increase of temperature. The above fact confirms that weak dipole-induced dipole interactions dominate
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ILCPA Volume 42 over complex formation between unlike molecules. The change from positive to negative β E values indicating the dissociation between the components and may be quantitatively interpreted in terms of detachment of unlike molecules leading to increase in compressibility and volume 15 .
In the liquid mixtures, the intermolecular interaction might result in the decrease of the interspaces between molecules and this might lead to a decrease in intermolecular free length producing negative values for the excess intermolecular free length (L f E ). S. Azhagiri 16 indicates that the positive values of excess free length should be attributed to the dispersive forces and negative excess values should be due to charge transfer for all the systems. A qualitative explanation is given for the change in V m E with composition and temperature. Thus, it is interesting to note that the results obtained so far suggest that the values of V m E , for the present systems, are essentially influenced by different factors as given in the literature 19 . With increase in temperature, the binary mixture of DOX +ANS shows the large value of standard deviations (σ) of excess parameters β E , L f E and small values of standard deviations of excess parameters Z E , V m E . These results suggest that ANS has strong molecular interactions with DOX than the binary mixtures of DOX with ETB and TOL and follows the sequence: Anisole> Ethylenebenzene >Toluene.
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CONCLUSION
Positive deviations of excess values of Lf E , V m E , Z E and β E in binary systems have been attributed to dispersive forces and negative deviation is due to dipole-dipole and induced dipole interactions. From excess values it has been concluded that the binary liquid mixtures of DOX which is polar and aliphatic solvent with aromatic solvents like ANS, TOL and ETB shows strong molecular interactions. The intermolecular interaction of DOX with ANS is greater than ETB and TOL. It may be attributed due to strong dipole-dipole interactions between the molecules of DOX and ANS.
